Abstract -All optical multicasting using one-pump modulated parametric optical amplifier is reported. For a 10Gb/s NRZ system, 1:40 multicasting is demonstrated with less than 0.5dB power penalty and minimum 12.5dB conversion efficiency.
Introduction
Low-penalty wavelength multicasting, where a single input channel is simultaneously replicated onto multiple output wavelengths, will be essential for the scaling of future WDM networks. Recent efforts have reported multicasting based on cross-phase and cross-gain modulation (XPM, XGM) in semiconductor devices (SOAs) 1 , XPM in dispersion shifted fiber 2 and XGM in fiber parametric amplifier 3 . Degenerate (one-pump) four wave mixing (FWM) in silica, is characterized by fast response, equalized wideband conversion and low noise properties, and has been successfully used in wavelength conversion, ultrafast switching, signal conjugation and signal regeneration applications. This paper reports the performance of a one-pump optical parametric amplifier (OPA) used for equalized wideband multicasting. A 10Gb/s non-return-to-zero (NRZ) channel was replicated to 40 outputs, thus demonstrating the combination of wideband multicasting and gain block for the first time.
Experimental setup
A one pump optical OPA architecture is constructed as shown in Fig. 1 . The tunable pump source was phase modulated by two radio-frequency tones at 100MHz and 300MHz and subsequently amplitude modulated by 10Gb/s NRZ 2 31-1 long pseudo random bit stream (PRBS). The modulated pump seed was amplified by set of erbium doped fiber amplifiers (EDFA) and passed through 0.6nm filters (BPF1, BPF2) to reject the excess amplified spontaneous emission (ASE). The pump was coupled into a 100m-long highly non linear fiber (HNLF) segment and combined with 20 continuous-wave (CW) DFB lasers from 1578.2nm to 1594.4nm using ITU-aligned multiplexer (AWG). The power of the CW signals launched in the HNLF was varied by the common attenuator. A maximum of 4W of average pump power could be launched within the HNLF. The HNLF segment was characterized by zero dispersion wavelength (ZDW) at 1559.6nm, and dispersion slope of 0.026 ps/nm 2 -km. A bandpass filter (BPF3) at the output of the HNLF was used to remove the pump. A single idler or signal channel was selected by the tunable bandpass filter (BPF4) before being amplified and monitored by an optical spectral analyzer (OSA) and the sampling scope. The global performance of the multicasting block was measured with an OSA positioned at the output of the HNLF. 
Results
The pump wavelength was tuned in ZDW vicinity to concurrently optimize the magnitude of the parametric gain and its flatness for all multicast channels. The optimum pump wavelength was 1561nm, resulting in an average gain of 8.5dB/14.5dB and 2.5dB/4dB flatness at 1.7W and 3W average pump power, respectively. The optical spectrum at the output of the HNLF is shown in Fig. 2 The measured Q-factors for all 40 copies are shown in Figs. 4 and 5 for idlers and signals, respectively. The system performance was also evaluated through bit error rate (BER) measurements (Fig. 6 ). All 40 copies exhibit similar performance, with small Q-factor fluctuations (<15%) observed. Higher parametric gain improved the system's performance, from average Q values of 9.8 to 12.2 for idlers and 9.2 to 12 for signals. Higher parametric gain also significantly improved signals extinction ratio (ER) from 7dB to 10dB. The idlers maintained an ER near 13dB regardless of the input pump power. The lower ER on signal channels was due to substantial CW power with respect to the amplified value (see Fig. 5 inset) . The BER measurements showed only moderate degradation (<0.5dB) during the wavelength multicasting. A 4dB power penalty was observed when the signal input power per wavelength was increased from -11dBm to 0dBm due to pump-copy and copy-copy crosstalk. The reported architecture had the best performance at -11dBm of input power. 
Conclusions
We have demonstrated 1-to-40 multicasting of OC-192 channel using pump modulated optical parametric amplifier with negligible power penalty (<0.5dB) and minimum 12.5dB conversion efficiency.
